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AMORPHOUS MOLECULAR MATERIALS FOR OPTOELECTRONIC 
DEVICES AND PROCESS FOR PRODUCING THE SAME 

Or ss R ference T Relat d Patent Application 

This application relates to and claims priority on United States Provisional Application 
Serial No. 06/092,418, entiUed "AMORPHOUS MOLECULAR MATERIALS FOR 
OPTOELECTRONIC DEVICES AND PROCESS FOR PRODUCING THE SAME", filed My 
10, 1998. 

Field of the Invention 

The present invention relates generally to compounds , for use in organic light emitting 
devices (OLEDs). More particularly, the present invention relates to novel highly symmetrical 
tetrahedral shaped aromatic and/or aromatic amine containing molecules, and their syntheses, 
for application in high temperature OLED displays. 

Background of the Invention 

Carefiil analysis of the thermal behavior of organic light emitting devices (OLED) 
indicates morphological instability of the hole transport layer as the limiting element of thermal 
stability. Before considering this point in detail. Applicant first describes film morphology in 
general and how it relates to device performance. The organic materials usefid in OLED 
applications are intrinsic insulators and require large electric fields to conduct charge. This 
requirement is made practical because the thickness of the complete organic stack of organic 
layers is only some 1 500 A, enabling a drive voltage of less than 6 volts to product light output 
at typical television brightness levels. The morphology of the organic layers in the organic stack 
controls charge mobility through the device, which in turn is a key factor in efficiency. Although 
charge transport in perfect. defect-fi:«e single crystals is considered most efficient compared to 
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Other morphologies (polycrystalline or amorphous), it has not proven practical to obtain 
monocrystalline ultra-thin films over large areas. Polycrystalline films, composed of many 
closely associated and interpenetrating microcrystals, always contain a high density of grain 
boundaries, which cause serious structural defects and deep carrier traps. Instead, completely 
amorphous molecular films provide a good compromise in performance. Amorphous films allow 
uniform charge injection across the entire electrode surface, whereas polycrystalline fihns are 
plagued by local hot spots of high current density that ultimately lead to device instability. 
Similarly, charge mobility and electroluminescence quantum eflSciency also depends on film 
morphology. Campbell and co-workers have shown that chemically identical materials, prepared 
either as amorphous or as polycrystalline films, show significantly different OLED performance. 
(Joswick, M.D.; Campbell, LH.; Brashkov, N.N.; Ferraris, JJP. J. Appl PhysA996, 50,2883- 
2890). While the photoluminescence properties of tiie different fihns were very similar, it was 
found that charge mobility and electroluminescence quantum yield were more than an order of 
magnitude greaterinthe amorphous samples. Furthermore, according to Forrest the "amorphous 
structure leads to a high radiative recombination efficiency of Frenkel excitons due to a reduction 
in quenching firom internal conversion processes linked to highly coupled, crystalline organic 
systems." (Forrest, S.R. Chem, Rev. 1 997 97, 1793-1 896.) 

Amorphous molecular films are easily fabricated using the thermal deposition method. 
Variables such as deposition rate and temperature of substrate can be tuned to control film 
morphology. As a rule, higher deposition rates and cooler substrate temperatures each favor the 
preparation of amorphous molecular fihns. Once formed however, most molecular films tend 
to crystallize at room temperature because the amorphous morphology is generally a non- 
equilibrium phase, higher in energy than the ordered crystalline (polycrystalline) phase. The rate 
of film crystallization depends on the ambient temperature and its relation to the glass transition 
temperature (Tg) of the material. A second important factor controlling film crystallization is 
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maximum crystallization velocity (MCV), which is also characteristic of a particular material. 
Stable amorphous films will have a high Tg and a low MCV. If the Tg value of an amorphous 
material is gieater than its thermal environment, that material will tend to remain amorphous. 
Similarly, if the MCV is very low, even at high temperatures some materials will remain 
5 amorphous indefinitely. It is possible to relate these thermodynamic and kinetic factors to 
understand how molecular design can be optimized to yield thermally stable amorphous 
molecular fihns. From this analysis, Naito has concluded that thermally stable organic dye 
glasses can be formed form large, synmetric, globular, rigid, and dense molecules, ((a) Naito, 
K.; Miura, A. J, Phys. Chem 1993 97, 6240-6248. (b) Naito, K. Chem. Mater. 1994 6, 2343- 

1 0 2350.) Thin-film materials developed by Kodak have unusually good thermal stability because 
some of these design criteria have been satisfied. However, recent discoveries of even higher Tg 
materials indicate that molecular materials stable up to 1 75 ''C is a realistic goal in the short term. 
An object of the present invention is to obtain very high Tg materials that remain amorphous even 
above the glass transition temperature. 

15 Thermallnstability of Hole Transport Layer 

In multilayer OLEDs. it can be shown that the onset temperature of rapid device 
degradation is correlated with the Tg of the hole conducting layer. Of the materials used to 
fabricate OLEDs, the hole transport materials currently have the lowest Tg values. For example, 
Tg of NPB is 95 ''C compared to 175 ""C for the electron transport material, Alq^. An informative 

20 report by Tokito,etal. highlights the limiting thermal stability of the hole-conducting layer. ((^^^ 
Tokito, S.; Tanaka, H.; Okada, A.; Taga, Y.AppL Phys. Lett, 1996, 5P, 878-880. (b) Tokito, S.; 
Tanaka,H.;Noda,K.;Okada,A.;Taga,Y,i4p/i/P/ryj.Ie//. 1997,70,1929-1931.) Inthisworic 
a series of five different oiigomeric tripheny lamines were prepared having Tg values ranging from 
60 to 145 ^C. Simple OLED devices were constructed using the variotis triphyenylamine 

25 compounds as the hole conduction layer and Alq3 as the emitting layer. The experiment was 
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carried out by driving each device at a constant current of 1 1 mA/cm^ and gradually increasing 
the ambient temperature from room temperature upwards. For eaqh device, a dramatic drop in 
electroluminescence output was observed just above the Tg of each hole conducting layer. 
Shown below are the five hole conducting compounds with their Tg values and the temperature 
at which electroluminescence output rapidly degraded 

TPD TPTR TPTE{S) TPTE 

TgCC) 60 95 106 130 

TdecCC) 70 110 120 135 

The thennal mechanism that causes light output to rapidly degrade just above Tg is 
generally ascribed to crystallization of the hole transport layer. (Han, E.; Do, L.; Niidome, Y.; 
Fujihira, M. Chem. Lett. 1994, 969-972.) More recently, Fenter et al. have argued, based on X- 
ray specular reflectivity measurements (FentCT, P.; Schreiber, F.; Bulovic, Vl; Forrest, S.R. Chem. 
Phys. Lett. 1997, 277, 521-526.) that film inter&ces between the hole conducting material and 
Alqj are damaged because the hole conducting material undergoes a large thermal expansion at 
the glass transition temperature. However, for either damage mechanism (crystallization or 
thermal expansion), it seems clear that the greatest thennal stability benefit, combined with the 
least technical risk, can be accomplished by increasing the T, of the hole transport layer. If 
crystallization is truly the cause of device Mure, this thermal degradation mechanism can be 

4 
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eliminated because molecular materials can be designed with very low crystaUization velocities 
that will remain amorphous even above Tg. 

Technicals lution to Achieve ThermaUy Stable H le Transport Materials 

In genoal, tertiary atomadc amh»s have been found to function very well as hole 
conducting materials due to a low ionization potential and good hole mobility. However, the 
most dn^le aromatic amines, such as ti^henylamine, do not foim stable amorphous fihns. 
Assembling larger molecules such as m the case of the benadine compounds (e.g. NPB) can be 
used to improve the fihn forming properties. The synthetic strategy that has been foUowed to 
further increase glass transition tenq)eratures of these materials links aromatic amines togedier 
to form either "starburst" structures (shown below). (See for example: (a) Shirota, Y.; Kobata, 
T.; Noma, N. Oiem. Lett. 1989, 1 145-1 148. (b) Ishikawa, W.; Inada, H.; Nakano, Y.; Shirota, 
Y. Chem. Lett. 1991, 173 1-1734. (c) Inada, H.; Shirota, Y., J. Mater. Chem. 1993, 3, 219-320. 
(d) Kuwabara, Y.; Ogawa, H.; Inada, H.; Noma, N.; Shirota, Y. Adv. Mater. 1994, 6, 677. (e) 
Kageyama,H.;Itano,K.; Ishikawa, W.; Shirota, Y. J Mflter.Ctejfi. 19%, 6, 675-676.) orlinear 
oligomers (shown in previous figure, above), (Tanaka, H.; Tokito, S.; Taga, Y.; Okada, A. J. 
CheitLSoc. Chem. Commun. 1996,2175-2176.) For the "staxburst" structures the central core 
has been either triphenylamine or 1,3,5-substituted benzene. 

^ T T 

TCTA TDAB TDAPB 

The practical limit of the linear oligomer structures is probably tiie pentamer labeled as 
TPPE, above. Higher molecular weightmolecules become increasirigly more difiBcultto 
without heating above chemical decomposition temperatures. The open linear structure allows 
adjacent molecules to interact over a large portion of their molecular surface and would be 

415422 ^ 
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expected to have the greatest difficulty in ihermal sublimation. Thermal sublimation requires 
that the weak intermolecular forces holding the molecules in the solid state must be broken to 
force the molecules in the gas phase. In contrast, perfectly symmetrical spherical structures 
should only interact with adjacent molecules at their periphery. In principle, much larger 
molecular weight materials should be accessible without drastically compromising the 
compound's volatility. The known "starbursi" structures have not utilized central cores that 
enforce truly spherical geometry. The 1,3.5-substituted benzene ring is trigonal planar and 
triphenyoamine is trigonal pyramidal. 

Objects of the invention 

It is therefore an object of the present invention to create novel compounds for use in 
OLEDs. 

It is yet another object of the present invention to design and synthesize novel compounds 
with an increased glass transition temperature (Tg) for use in OLEDs. 

It is a further object of the present invention to design and synthesize novel compounds 
that have a decreased maximum crystallization velocity for use in OLEDs. 

It is still another object of the present invention to design and synthesize novel 
compounds which will result in an OLED with an increased brightness. 

It is yet another object of the present invention to design and synthesize novel compounds 
which will provide OLEDs with an increased lifetime. 

It is still yet another object of the present invention to design and synthesize novel 
compounds which will resist crystallization and high temperatures for use in OLEDs. 

It is still yet another object of the present invention to design and synthesize molecules 
with tetrahedral stmctures for use in OLEDs. 
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It is Still yet another object of the present invention to design and synthesize compounds 
which have a symmetrical tertiary structure for use in OLEDs, 

It is still yet another object of the present invention to design and synthesize large 
symmetrical molecules that can be sublimed for use in OLEDs. 

It is still yet another object of the present invention to design and synthesize novel 
compounds that will not quench one another when used in OLEDs. 

It is still yet another object of the present invention to design and synthesize molecules 
with a tetrahedral core contaimng poly*ring structures for use in OLEDs. 

It is still yet another object of the present invention to use molecular design to control the 
morphology of molecules used in OLEDs. 

It is still yet another object of the present invention to design and synthesize novel 
synmietrical tetrahedral compounds with good fihn forming properties for use in OLEDs. 

Additional objects and advantages of the invention are set forth, in part, in the description 
which follows and, in part, will be apparent to one of ordinary skill in the art from the description 
and/or from the practice of the invention. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only, and are not restrictive of the mvention 
as claimed. The accompanying drawings, which are incorporated herein by reference, and which 
constitute a part of this specification, illustrate certain embodiments of the invention, and 
together with the detailed description serve to explain the principles of the present invention. 

Summary of the Invention 

In response to the foregoing challenges. Applicant has developed innovative organic 
compounds for use in an organic light emitting device. The organic compounds contain 

7 
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tetrahedral shaped core structures allowing the organic light emitting device to operate at 
increased temperatures. 

The present invention comprises to organic light emitting device comprising a first 
electrode, a second electrode, and an organic stack interposed between the first electrode and the 
second electrode, wherein the organic stack fiirther comprises at least one organic layer, wherein 
the organic layer further comprises organic compounds such that the organic light emitting device 
continues to function in temperatures in excess of 145 C. 

The organic layer may be comprised of organic compounds with tetrahedral shaped core 
structures, tetrahedral shaped core structures containing aromatic side groups, tetrahedral shaped 
core structures containing aromatic amine side groups, symmetrical tetrahedral shaped core 
structures, symmetrical tetrahedral shaped core stmctures containing aromatic side groups, and/or 
synunetrical tetrahedral shaped core structures containing aromatic amine side groups. 

The aromatic side groups may be, but are not limited to, phenyl, naphthyl, anthracyl, 
carbazole, and any and all substituted analogs thereof. The tetrahedral or symmetrical tetrahedral 
shaped core structure may be a tetraphenyl compound, including, but not limited to, 
tetraphenylmethane, tetraphenylsilane, tetraphenyladamantane, tetraphenylgermane, 
tetraphenylplumbane, and/or tetramethylstaimane. The tetraphenyl compound may be 
fiinctionalized at the para-position. 

The tetrahedral shaped core structures may satisfy one or more of the formula (C5H5)4R, 
where R may be, but is not limited to, C, Si, adamantane (CioHjj), Ge, Pb, or Sn. The organic 
compounds with tetrahedral shaped core structures may satisfy one or more of the formula 
R,(QH5)4R, where R, may be, but is not limited to, aromatic groups and/or aromatic amine 
groups, and where R may be, but is not limited to, C, Si, adamantane (C,oHt2)> Ge, Pb, or Sn. 
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The tetrahedral shaped core Structures may be, bm are not limited to: 

o 

^ 3^ Of 





5 The organic layer may contain, but is not limited to, organic compouiKb selected fixan 

the grotq) consisting of : 



20 




10 where R, may be, but is not limited to, the group consisting of: 

^ - 9 



The o^anic compounds with a tetrapheny 1 core may be, but are not limited to, the group 
consisting of: 



25 
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Thetetraphenylcoremaybe,butis notlimetedto. tetraphenylmethanc tetraphenylsilane, 
tetraphenyladamantane, letraphenylgennane, tetraphenylplumbane, and/or tetramethylstannane. 

The present invention comprises an organic light emitting device having a first electrode, 
a second electrode, and an organic stack interposed between the first electrode and the second 
electrode, where the organic stack may fiirther comprise at least one hole transport layer. The 
hole transport layer may fiirther comprise organic compounds with tetrahedral shaped core 
structures. 

The organic compounds of the at least one hole transport layer may may be comprised 
of tetrahedral shaped core structures, tetrahedral shaped core structures containing aromatic side 
groups^ tetrahedral shaped core structures containing aromatic amine side groups, symmetrical 
tetrahedral shaped core structures, symmetrical tetrahedral shaped core structures containing 
aromatic side groups, and/or symmetrical tetrahedral shaped core structures containing aromatic 
amine side groups. 

The aromatic side groups may be, but are not limited to, phenyl, naphthyl, anthracyl, 
carbazole. and any and all substituted analogs fliereof. The tetrahedral or symmetrical tetrahedral 
shaped core structure may be a tetraphenyl compoimd. including, but not limited to, 
tetraphenylmethane, tetraphenylsilane, tetraphenyladamantane, tetraphenylgermane, 
tetraphenylplumbane, and/or tetramethylstannane. The tetraphenyl compound may be 
fimctionalized at the pora-position. . 

The organic layer of the present invention may fiirther comprise organic compounds 
containing tetrahedral shaped core structures including, but not limited to, silicon based 
tetrahedral core structures, carbon based tetrahedral core structures, adamantane based tetrahedral 
core structures, germane based tetrahedral core structures, plumbane based tetrahedral core 
structures, and stannane based tetrahedral core structures. In addition, the tetrahedral shaped core 

12 

SUBSTITUTE SHEET (RULE 25) 



wo 00/03565 PCTAJS99/15437 
Structures may contmn aromatic side groups and/or aromatic amine side groiqis orieated away 
from one another at angles between 100* and 120 



Detailed Description of the Invention 

Reference will now be made in detail to aprefened embodiment of the present invention. 
The present invention describes novel highly symmetrical tetrahedral shaped aromatic amine 
containing molecules and their syntheses for application as hole conduction materials in high 
temperature OLED displays. Applicant has identified tetraphenylmethane, tetraphenylsilane and 
tetraphenyladamantane as veiy attractive candidates to serve as rigid tetrahedral core structures. 




Tetraphenylmethane Tetraphenylsilane Tetraphenyladamantane 
The tetrahetbal core structures shown above are easily obtained in large quantities using 
developed synthetic methodology, ((a) Wilson, L.M.; GriflSn, A.C. J, Mater. Chem. 1993, 3, 
991-994. (b) Su, D.; Menger, F.M. Tetrahedron Lett 1997, 38, 1485-1487. (c) Liu, F.-Q.; 
Tilley,T.D. 1997,36,5090-5096. (d)Mathias,LJ.;Reichert,V.R.;Muir,A.V.G.C/2em. A/oT^r. 
1993, 5, 4-5.) They can be selectively fimctionalized at the /7ara-position of the phenyl groups 
to allow a wide variety of organic units to be assembled around the tetrahedral core,. The central 
sp^-hy bridized carbon or silicon atom, or the adamantane group electronically isolates each arm 
of the tetrahedron from one another. Applicant expects some variation in this characteristic, 
vdiere the degree of electronic communication is ordered Si > C » adamantane. This variation 
can be used to effectively tune the electronic properties of the new materials. The rigid 
tetrahedral framework orients the appended groi^ss away from one another at an angle of between 
lOO"* and 1 20**, or approximately 109.5 and reduces the possibility of forming intramolecular 

13 
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jc-stacked compounds. If rigid dye molecules are coupled in the tetiahedral array, the proposed 
molecular design should discourage undesirable intramolecular aggregate or exciplex formation. 
Also because die organic dye molecules radiate fiom a central tetrahedral core, they are hindered 
from forming intermolecular n-aggregates in solid state films, thereby preventing luminescence 

5 quenching effects. 

Aside from the molecular design advancements of tetrahedral-shs^ed molecules, 
improvements in synthetic strategy allow these materials to be prepared in significantly higher 
yield compared to the classical UUmann coupling reaction commonly used to prepare tertiary 
aromatic amines. Some examples of the types of molecules Applicant has pursued are shown 

10 below. ForsinipUciiy,themolecdesdepictedincorporatethetetraphenybmeflianecore,however 
related materials are also accessible using tetramethylsilane and tetraphenyladamantane. 
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Example 1 

Our synthetic strategy to prepare these materials permits four aromatic and/or aromatic 
amine units to be coupled with the tetrahedral core in one reaction step. This so-called 
convergent approach allows high molecular weight materials to be obtained quickly and cleanly . 
As an example, the reaction of carbazole and re/raAzX4-bromopheny i) methane is shown in eq, 
1. 




The palladium catalyzed phenyl-amine coupling reaction is recently developed ((a) 
Hartwig, J.F. Syrdett 1997, 4, 329-340. (b) Louie, J.; Driver, M.S.; Hamann, B.C.; Hartwig, J.F. 
/ Org, Chem. 1997, 62, 1268-1273. (c) Driver, M.S.; Hartwig, J J. J. Am. Chem. Soc, 1996, 
118, 7217-7218.) ((a) Marcoux, J.F.; Waagaw, S.; Buchwald, SX. 1 Org. Chem. 1997, 62, 
1568-1569. (b) Wolfe, J.P.; Wagaw, S.; Buchwald, SX. J. Am. Chem. Soc. 1996, 1 18, 7215- 
7216.) and has been utilized to prepare hole conducting type materials in high yield, ((a) Louie, 
J.;Hartwig,J.F.;Fry,A.J.j:w4w.CAem.Soc. 1997,119,11695-11696. (b) Thayumanavan, S.; 
Barlow, S.; Mardcr, S.R. Chem. Mater. 1997, 9, 3231-32350 For example, the palladium 
catalyzed method was used to prepare 4,4*4"-tris(N,N-diphenylaniino)triphenylaniine in 84% 
yield compared to only 22% using the Ulhxumn coupling reaction. Applicant has also pursued 
the synthesis of tetrahedral amine-containing materials that are Imked to the core via phenyl- 
henyl or phenyl-vinyl connections to further explore the effect of structural diversity on solid 
state morphology and thermal stability. The present invention allows a novel entry of a large 
number of different aromatic amines for use in OLEDs. The variety of aromatic groups such as 
phenyl and substituted analogs thereof, naphthyl, andiracyl, carbazolyl, etc. provides access to 

15 
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range of possible Structures. The approach ofthe present invention can be used to quickly screen 
many potential and novel hole transport materials, that wiU be selected for appUcation based on 
hole transport properties and Tg. The novel materials should maintainfte desirable hole transport 
properties common to aromatic amines, but will significantly extend the required high 
temperature morphological stability. 

Example 2 

A quantitative measure of &e inqnovements in T, values anticipated for the proposed and 
novel aromatic amine containing materials may be roughly estimated torn related tetrahedral 
stilbenoid compounds prepared by Oldham, et al. (Oldham, WJ., Jr.; Lachicotte, R.L; Bazan, 
G.C. J. Am. Chem. Soc. 1998, 120, (in press). In this work, high Tg blue luminescent materials 
were prepared by coupling vinylstilbene derivatives to a tetraphenylmethane core using the 
palladium catalyzed Heck reaction (eq. 2). 




Pd(OAc)2/NBu4Br 
K2C03/DMF 




(2) 



TheTg valueofthe resulting re/rflAis(4-/erf-butylstyrylstilbenyl)medianewas found to be 
175°C by DSC analysis. No evidence for crystallization was observed even when heating 
samples to 350'C: Furthermore, powder X-rsy dif&action measurements confirmed the 
completely amorphous morphology. Applicant concludes from this data that the tetrahedral core 
strategy provides materials with highT^ and very low ciystallization velocities. Materials of this 
class can be fabricated as amorphous thin-fihns that are completely stable against crystallization, 

16 
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even when heated above their glass transition temperature. *. A significant advantage of the 
tetrahedral core molecular design over polymeric OLED materials is that it combines the 
traditional advantages of small molecules (e.g. high chemical purity and volatility) with those of 
polymers (e.g., high Tg, low MCV, thermal stability). 

The hole transport materials proposed in this work are new compounds. An object of the 
present invent! on is to successfully prepare and purify the compounds for electronic applications. 
Although the proposed synthetic methods are developed and have been used successfully in 
related systems, the compounds of the present invention have not previously been synthesized. 
Another object of the present invention is to design and synthesize novel high molecular weight 
materials (expected to have the highest thermal stability)« while retaining the volatility necessary 
to allow films to be fabricated by thermal sublimation. Applicant believes that the new materials 
containing four amine groups should possess the necessary volatility. The chemical stability of 
radical cations (also called holes) incorporating the core structures is unknown. Triphenyhnethyl 
cation or triphenylmethy 1 radical are relatively stable species and the danger of disproportionation 
reactions upon injection of holes is a primary consideration. To mitigate against this possibility 
Applicant have also explored the use of the tetraphenyladainantane core which Applicant 
considers stable against disproportionation reactions. Finally, in another object of the present 
invention, the ionization potential of the new materials could be altered relative to NPB. If the 
ionization potential is reduced too much, then undesirable exciplex formation can occur at the 
interfiace of the hole transport layer and Alqj. (Itano, K, ; Ogawa, H.; Shirota, Y. AppL Pkys, Lett 
1998, 72, 636-638.) As such, another object of the present invention is to control the ionization 
potential to ameliorate this risk by judicious choice of aromatic groups bonded to nitrogen. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the construction, configuration, and/or operation of the present 
invention without departing from the scq)e or spirit of the invention. For example, in the 
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embodiments mentioned above, various changes may be made to the molecules without departing 
from the scope and spirit of the invention. For example, tetrahedral shaped core molecules may 
include carbon, silicon, adamantane. germane, plumlane. or stannane sttuctures or elements. 
Further, it may be appropriate to make additional modifications or changes to the structures 
without departing from the scope of the invention. Thus, it is intended that the present invention 
cover the modifications and variations of the invention provided they come within the scope of 
the appeadad claims and their equivalents. 

The following articles are incorporated by reference: Joswick, M.D., Campbell, I.H., 
Brashkov, N.N., Ferraris, J.P. J. Appl. Phys. 1 996, 80, 2883-2890; Forrest, S.R. Chem. Rev. 1997, 
97, 1793-1896; Naito, K., Miura, A. J. Phys. Chem. 1993, P7, 6240-6248; Naito, K. Chem. 
Mater. 1994, 6, 2343-2350; Tokito, S., Tanaka, H., Okada, A., Taga, Y.Appl. Phys. Lett. 1996, 
69, 878-880; Tokito, S., Tanaka, H., Noda, K., Okada, A., Taga, Y. Appl Phys. Lett. 1997, 70, 
1929-1931; Han, E., Do, L., Niidome. Y., Fujihira. M. Chem. Lett. 1994, 969-972.; Fenter, P., 
Schreiber, F., Bulovic, V., Forrest, S.R. Chem. Phys. Lett. 1997, 277, 521-526; Shirota, Y., 
Kobata, T., Noma, N. Oam. Lett. 1989, 1145-1148; Ishikawa, W., Inada, H., Nakano, Y., 
Shirota. Y. Chem. Utt. 1991, 1731-1734; Inada, H,. Shirota. Y.J Mater. Chem. 1993, i,219- 
320; Kuwabara. Y., Ogawa, H.. Inada. H., Noma, N.. Shirota, Y. Adv. Mater. 1994, 5, 677; 
Kageyama, H., Itano, BC., Ishikawa, W., Shirota, Y. J. Mater. Chem 1996, <J, 675-676; Tanaka, 
H., Tokito, S., Taga, Y., Okada, A. 7. Chem. Soc. Chem. Commun. 1996, 2175-2176; Wilson, 
L.M., Griffin, A.C. J. Mater. Chem. 1 993, i, 991-994; Su, D., Menger, F.M. Tetrahedron Lett. 
1997, 38, 1485-1487; Liu, F.-Q., Tilley, T.D. 1997, id, 5090-5096; Mathias, L.J., Reichert, 
V,R., Muir, A.V.G. Chem. Mater. 1993, J, 4-5; Hartwig, J.F. Synlett 1997, 4, 329-340; Louie, 
J., Driver. M.S., Hamann. B.C., Hartwig, J.F. J. Org. Chem. 1997, 62, 1268-1273; Driver, M.S., 
Hartwig, J.F.J. Am. Chem. Soc. 1996, 118, 7217-7218; Marcoux, J.F., Waagaw, S., Buchwald, 
S.L. J Org. Chem. 1997, 62, 1568-1569: Wolfe, J.P.. Wagaw, S.. Buchwald. S.L.J Am. Chem. 
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Soc 1996. 1J8, 7215-7216; Louie. J. : Hariwig, J.F.. Fry, AJ. J. Am. Chem. Soc. 1997, 119, 
1 1695-1 1696; Thayumanavan. S., Bariow, S., Marder, S.R. Chem. Mater. 1997, P, 3231-3235; 
Oldham, W.J., Jr., Lachicotte, RJ., Bazan, G.C. J. Am. Chem. Soc. 1998. 120, (in press); Itano, 
K., Ogawa, H., Shirota. Y. Appl. Phys. Lett. 1998. 72, 636-638. 
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I claim: 

1 . An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one organic layer, wherein said at least one organic layer 
further comprises organic compounds such that the organic light emitting device continues to 
function in temperatures in excess of 145*" C 

2. The organic light emitting device of Claim 1, wherein said at least one organic layer 
comprises organic compounds with tetiahedral shaped core structures. 

3. The organic light emitting device of Claim 1, wherein said at least one organic layer 
comprises organic compounds with tetrahedral shaped core structures containing aromatic side 
groups. 

4. The organic light emitting device of Claim 1, wherein said at least one organic layer 
comprises organic compounds with tetrahedral sh2q)ed core structures containmg aromatic amine 
side groups. 

5. The organic light emitting device of Claim 1 , wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures. 

6. The organic light emitting device of Claim 1 , wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures containing 
aromatic side groups. 

7. The organic light emitting device of Claim 1, wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures containing 
aromatic amine side groups. 

8. The organic light emitting device of Claim 3, wherein said aromatic side groups are 
selected from the group consisting of: phenyl, and substituted analogs thereof. 
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9. The organic light emitting device of Claim 3, wherein said aromatic side groups are 
selected from the group consisting of: phenyl, naphthyl, anthracyl, and carbazole. 

10. The organic light emitting device of Claun 2, wheiein said tetrahedral shaped core 
structure is a tetraphenyl compound. 

11. The organic light emitting device of Claim 10, wherein said tetraphenyl compound 
is selected from the group consisting of: tetnqshenylmethane, tetraphenylsilane, and 
tetraphenyladamantane. 

12. The organic light emitting device of Claim 10» wherein said tetraphenyl compound 
contains aromatic side groups. 

13. The organic light emitting device of Claim 10» wherein said tetraphenyl compound 
contains aromatic amine side groups. 

14. The organic light emitting device of Claim 1 0, wherein said tetraphenyl compound 
is functionalized at the /?ara-position. 

15. The organic light emitting device of Claim 2, wherein said tetrahedral shaped core 
structures are selected from the group consisting of: tetraphenylmethane, tetraphenylsilane, and 
tetraphenyladamantane; and wherein said tetrahedral shaped core structures contain aromatic side 
groups selected from the group consisting of: phenyl, naphthyl» anthracyl, carbazole, and 
substituted analogs thereof. 

1 6. An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interpiosed between said first electrode and said second electrode, wherein said 
organic stack frmher comprises at least one organic layer, wherein said at least one organic layer 
frirther comprises organic compounds with tetrahedral shaped core structures. 

1 7. The organic light emitting device of Claim 1 6, wherein said at least one organic layer 
comprises oi^anic compounds with tetrahedral shaped core structures containing aromatic side 
groups. 
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18. TheorganiclightemittingdeviceofClaim 16, wherein said at least one organic layer 
comprises organic compounds with tetrahedral shaped core structures containing aromatic amine 
side groups. 

19. The organic light emitting device of Claim 16, wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures. 

20. The organic light emitting device of Claim 16, wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures containing 
aromatic side groups. 

2L The organic light emitting device of Claim 16, wherein said at least one organic layer 
comprises organic compounds with symmetrical tetrahedral shaped core structures containing 
aromatic amine side groups. 

22. The organic light emitting device of Claim 1 7, wherem said aromatic side groups are 
selected from the group consisting of: phenyl, and substituted analogs thereof 

23. The organic light emitting device of Claim 17, wherein said aromatic side groups are 
selected from the group consisting of: phenyl, naphthyl, anthracyl, and carbazole. 

24. The organic light emitting device of Claim 1 6, wherem said tetrahedral shaped core 
structure is a tetraphenyl compound. 

25. The organic light emitting device of Claim 24, wherein said tetraphenyl compound 
is selected from the group consisting of: tetraphenylmethane, tetraphenylsilane, and 
tetraphenyladamantane. 

26. The organic light emitting device of Claim 24, wherein said tetraphenyl compound 
contains aromatic side groups. 

27. The organic light emitting device of Claim 24, wherein said tetraphenyl compound 
contains aromatic amine side groups. 
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28. The organic light emitting device of Claim 24, wherein said tetraphenyi compound 
is functionalized at the para*positioh. 

29. the organic light emitting device of Claim 16, wherein said tetrahedral shaped core 
structures are selected from the group consisting of: tetraphenylmethahe, tetraphenylsilane, and 
tetraphenyladamantane; and wherein said tetrahedral shaped core structures contain aromatic side 
groups selected from the group consisting of: phenyl, naphthyl, antfaracyl, carbazole» and 
substituted analogs thereof* 

30. An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack fiuther comprises at least one organic layer, wherein said at least one organic layer 
fruther comprises organic compounds with tetrahedral shaped core structures, wherein said 
tetrahedral shaped core structures satisfy one or more of the formula: 

(C6H5)4R 

wherein R is selected from the group consisting of: C, Si, adamantane (C,oHt2), Ge, Pb, 

or Sn. 

3 1 . An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one organic layer, wherein said at least one organic layer 
further comprises organic compounds with tetrahedral shaped core structures, wherein said 
organic compounds satisfy one or more of the formula: 

R,(C,H5)4R 

wherein Rl is selected from the group consisting of: aromatic groups and aromatic amine 
groups, and 

wherein R is selected from the group consisting of: C, Si, adamantane (CioH,2), Ge, Pb, 

orSa 
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32- An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one organic layer, said at least one organic layer farther 
comprising organic compounds with tetrahedral shaped core structures selected from the group 
consisting of: 




33. An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one organic layer, said at least one organic layer further 
comprising organic compounds selected from the group consisting of: 




wherein Rl is selected from the group consisting of: 
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34. An organic light emitting device comprising a first electrode, a second electrode, and 
an organic stack interposed between said first electrode and said second electrode, said organic 
stack further comprising at least one organic layer, said at least one organic layer finrdier 
comprising oiganic compounds with a tetrs^henyl core selected from the group consisting of: 
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35. The organic light emitting device of Claim 34« wherein said tetraphenyl core is 
selected from the group consisting of: tetraphenylmethane, tetraphenylsilane, and 
tetraphenyladamantane. 

36. An organic light emitting device having a first electrode, a second electrode, and an 
organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one hole transport layer, said at least one hole transport 
layer further comprises organic compounds with tetrahedral shaped core structures. 

37. The organic light emitting device of Claim 36, wherein said at least one hole 
transport layer includes organic compounds with tetrahedral shaped structures containing 
aromatic side groiq)S. 

38. The organic light emitting device of Claim 36, wherein said at least one hole 
transport layer includes organic compounds with tetrahedral shaped structures containing 
aromatic amine side groups. 

39. The organic light emitting device of Claim 36, wherein said at least one hole 
transport layer includes organic compounds with symmetrical tetrahedral shaped core structures. 

40. The organic light emitting device of Claim 36, wherein said at least one hole 
transport layer includes organic compounds with symmetrical tetrahedral shaped core structures 
containing aromatic side groups. 

41. The organic light emitting device of Claim 36, wherein said at least one hole 
transport layer includes organic compounds with symmetrical tetrahedral shaped core structures 
containing aromatic amine side groups. 

42. The organic light emitting deyice of Claim 37, >^erein said aromatic side groups are 
selected firom the group consisting of: phenyl, and substituted analogs thereof. 

43. The organic light emitting device of Claim 37, wherein said aromatic side groups are 
selected from the group consisting of: phenyl, naphthyl, anthracyl, and carbazole. 
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44. The organic light emitting device of Claim 36, wherein said tetrahedral shaped core 
structure is a tetraphenyl compound. 

45. The organic light emitting device of Clahn 44, wherein said tetraphenyl compound 
is selected from the group consisting of: tettaphenylmethane, tetraphenylsilane, and 
tetraphenyladamantane. 

46. The organic light emitting device of Claim 44, wherein said tetraphenyl compound 
contains aromatic side groups. 

47. The organic light emitting device of Claim 44, wherem said tetraphenyl compound 
contains aromatic amine side groups. 

48. The organic light emitting device of Claim 44, wherein said tetraphenyl compound 
is fimctionalized at the para-position. 

49. The organic light emitting device of Claim 36, wherein said tetrahedral shaped core 
structures are selected from the group consisting of: tetrapheny Imethane, tetraphenylsilane, and 
tetraphenyladamantane; and wherein said tetrahedral sh^ed core structures contain aromatic side 
groups selected from the group consisting of: phenyl, naphthyl, anthracyl, carbazole, and 
substituted analogs thereof 

50. An oiganic light emitting device having a fibrst electrode, a second electrode, and an 
organic stack interposed between said first electrode and said second electrode, wherein said 
organic stack further comprises at least one organic layer, said organic layer further comprising 
organic compounds containing tetrahedral shaped core structures selected from the group 
consisting of: silicon based tetrahedral core structures, carbon based tetrahedral core structures, 
and adamantane based tetrahedral core structures. 

5 1 . The organic light emitting device of Claim SO, wherein said tetrahedral shaped core 
structures contain aromatic side groups. 

28 

SUBSTITUTE SHEET (RULE 26) 



wo 00/03565 PCT/US99/I5437 

52. The organic light emitdng device ofClaim SO, wherein said tetr^ 
structures contain aromatic amine side groups. 

53 . The organic light emitting device of Claun 5 1 , wherein said aromatic side groups are 
selected from the group consisting of: phenyl, and substituted analogs thereof. 

54. The organic light emitting device of Claim S I , wherein said aromatic side groups are 
selected from the group consisting of: phenyl, nsqphthyU anthracyU and carbazole. 

55. Theorganiclightemittingdeviceof Claim 2, wherein said tetrahedral shaped core 
structures contain aromatic side groups oriented away from one another at angles between 100'' 
and 120^ 

56. The organic light emitting device of Claim 2, vdierein said tetrahedral shaped core 
structures contain aromatic amine side groups oriented away from one another at angles between 
100" and 120". 
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